[Purpose] The aim of this study was to examine changes in the muscle activity around the neck according to the neck movement angle during neck flexion and extension. [Subjects and Methods] Activities of the sternocleidomastoid muscle (SCM), splenius capitis and splenius cervicis muscles, upper trapezius muscle, and middle trapezius muscle during flexion and extension were assessed in 24 college students.
INTRODUCTION
Nowadays, people have various musculoskeletal diseases, due to a lack of exercise caused by busy lifestyles and increased computer use. The cervical vertebra has the largest range of motion and flexibility among the vertebrae, making it vulnerable to damage. Complaints of neck pain and functional and structural problems have increased in recent years due to excessive fatigue of the cervical vertebrae due to loads placed on them 1) .
The center of the shoulder joint should be vertically below both sides of the mastoid in a normally positioned head and neck. In this position, the head is balanced via constant contraction of the muscles located at the back of the neck. If excessive and repetitive activities cause constant neck imbalance, the head is supported by noncontractile structures, and pain may occur 2, 3) . Individuals who spend a long time sitting may experience such imbalance, with the imbalance occurring mainly in the sagittal plane rather than in the coronal plane 4) .
The load that is applied to each muscle according to the neck position can be estimated by determining how much muscle activity changes around the neck as the angle of neck movement increases under conditions of overtension and excessive loads. This study aimed to determine the changes in the muscle activity around the neck according to the neck movement angle during neck flexion and extension.
SUBJECTS AND METHODS
The subjects of this study were conducted with 24 university students attending Y University in Gyeongsangnam-do, Korea. The mean age, height, and weight of the subjects were 20.5±0.5 years, 158.6±2.3 cm, and 53.5±9.3 kg, respectively. The selection criteria were as follows: subjects who had no significant disease that would have affected the study, no visual impairments, no auditory impairments of the vestibular organs, and no neurological problems. Subjects unable to comply with the experimental process were also excluded. All included subjects were given an explanation of the purpose of this study and provided their written informed consent prior to their participation in the study in accordance with the ethical principles of the Declaration of Helsinki.
A TELEMYO 2400 (Noraxon, USA) with Ag-Ag/ Cl electrodes were used to determine the activities of the muscles surrounding the neck. A sampling rate of 1,000 Hz was used for the EMG signal acquisition, and the signals were full-wave rectified. MyoResearch-XP 1.07 (Noraxon, USA) software was used to perform band-pass filtering between 30-500 Hz, and the signals were also notch filtered at 60 Hz to remove noise. The muscle activity values were normalized to the maximum voluntary isometric contraction values of each muscle.
The muscle activity was measured three times in both neck flexion and extension, with the subjects sitting on a chair and adopting three neck positions of increasing angles the neutral position, an angle of 30°, and a full range of motion (ROM). To standardize the measured values of each muscle, the raw data were converted to the root mean square value. The mean value of the three repeated measurements was then used to compare the muscle activities. The electrodes were attached over the sternocleidomastoid muscle (SCM), splenius capitis and splenius cervicis muscles, upper trapezius muscle, and middle trapezius muscle 5) . All the data are expressed as the mean ± standard deviation.
SPSS for Windows (version 20.0) was used to analyze the data in this study. To determine the muscle activity according to the neck movement angles, repeated measures ANOVA was conducted, as well as a post hoc LSD test. Statistical significance was accepted at values of p < 0.05.
RESULTS
The activity of the SCM muscle increased significantly when the subjects performed flexion movement between the neutral position and the 30° flexed position, between the 30° flexed position and the full ROM position, and between the neutral position and the full ROM position (p < 0.05).
There was a significant increase in the activities of the splenius capitis and splenius cervicis muscles when the subjects performed flexion between the 30° flexed position and the full ROM position, and between the neutral position and the full ROM position (p < 0.05).
The activity of the upper trapezius muscle also increased significantly when the angle of flexion increased between the 30° flexed position and the full ROM position (p < 0.05, Table 1 ).
DISCUSSION
In this study, changes in the activities of the muscles surrounding the neck were determined according to the neck movement angle when adults in their 20s performed flexion and extension. The muscles examined in this study were the SCM, splenius capitis and splenius cervicis, upper trapezius, and middle trapezius.
In general, the SCM is used when the head is turned to the contralateral side or performs lateral bending on the ipsilateral side or when the head is in a forward slouched position. Such positions are closely related to neck and shoulder pain, which are common complaints in clinical practice 6, 7) . The splenius capitis and splenius cervicis play roles in stabilizing the neck during pulling motions, and damage to these muscles results in neck pain and headaches. Damage mostly occurs when these muscles perform flexion and extension 8) . The upper trapezius is used when the scapula is moved or during lateral bending of the head. Damage or overuse of these muscles results in neck pain, shoulder pain, and headaches. The splenius capitis and splenius cervicis are common sites of repetitive strain injury 9, 10) . The middle trapezius muscle is involved in nearly all movements of the scapula and in the stability of the scapula 11) . This muscle is often the focus of treatment for shoulder rehabilitation in clinical practice.
In the present study, the activity of the SCM muscle increased significantly whenever the angles of movement increased between the neutral position and the 30° flexed position, between the 30° flexed position and the full ROM position, and between the neutral position and the full ROM position. These results are consistent with those of other studies, which reported that the activity of the SCM muscle increases as the neck angle increases 12, 13) . The activity of the splenius capitis and splenius cervicis muscles also increased significantly when the neck performed flexion between the 30° flexed position and the full ROM position, and between the neutral position and the full ROM position. The increase is due to the response of the splenius capitis and splenius cervicis muscles to tension (i.e., a pulling force). This tension occurs when the neck performs flexion rather than extension. When this occurs, the splenius capitis and splenius cervicis muscles contract and flex to stabilize the neck 8) . The activity of the upper trapezius muscle increased only between the 30° flexed position and the full ROM position. Because this muscle is relatively larger, stronger, and more resilient than the other muscles measured in this study, it was not activated at the smaller neck movement angle. However, when the tension (pulling force) increased, this muscle was activated, as reported by other studies 14, 15) . In conclusion, the muscle activity measured in this study increased when flexion movements were performed under conditions of increased loads. However, no increase was found when the subjects performed extension movements. The results highlight the need for individuals not to adopt a neck flexion posture for extended periods. The limitations of this study were the small number of subjects and the limited age range of the study group. A future study will include more subjects of various ages.
